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balance calculations for 44 weeks of sampling indicate losses of radionuclides from the water to the sediments
represent only a small part of total radioactivity release to the river. A study of the CR bottom-sediment cores
collected in 1962 indicates a recurring pattern of variation in radioactivity with depth, which may reflect past events
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REVIEWER: E.W. (Willow) Reed DATE REVIEWED: 6/6/95

BRI

R 2, 2 S I 1 RS a4 Yt e o Dy SO AN AOSIE LR

Y,



- . N Y L Y . 1 DIN vaN LN D valx_ AN RS ¥ 4 -4 WV Vaw

{/..': e WO/ LI/ DL 11.94 QC:'J.U ;\J’!u u.tDAL i ;;"- e . I . » v .
7 ¢ Héa \ et .
DO * N o ,
\ ~. 0, nterli

G ‘nerlibrary Loagp

: Photocopy

e -r R2t ntien

o : SX@J&«S

The Clinch River Study—an Investigation of the Fate of q/_;“;w
5 Radionuclides Released to a Surface Stream o b
|

By R. J. Pickering, P. H. Carrigan, Jr., and F. L. Parker E’—

ey

ABSTRACT 4, To evaluate the overall usefilnessof

. . thig riv adicactive-w -Gigy
The Clineh River Study is & multlagancy effort 1o evaluata hig er for radicactive-waste-disposal
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\ha physical, ehemical, and bioiugical cffects of the releasc to purposes, _
m’c inch River of low-lavel radioactive woates from the Oux 8. To recommend long-term monatoring
i Ridga National Ladaratory. The major radianuclides reivasus procedures,
N A e ruthenium=—106, cesiumel37, cobalt-60, and strontium-90 :
s fl drologic and biclogic siudics hava indicated that the radin.
A § tion dosages in the eiver are well below maximum acceprabi~ » The study is under the general supervision
P {evels. Hadionuelide cencenirations in river water Lhave been of a steering committee composed of rapre-
|

red at saven sampling atations on the Clinch and Ten-
:‘::;:e Rivars, Sass-nelance calculntions lor 44 weehs aof
sampling indicate chat losses of radionuclides frum she water
phase to the river-bollom sediments re?usen: only & ver
)  small pare of the toal radioactivity released to the river.

A otudy of the Ciineh River bottom-sadiment cores calicetad
101062 has discloxed o recurring partaen of vuristion in radio.
actlvity with depth which may ceflect past events in wuatc.
v disponal operations at the laboratary, Current invastigations
E are expected to peovide information about the ehemical formn

| in which the major radionuclides exiat and the mechuniams by
whick they wera incorporated in the sedinmcnts.

" INTRQDUCTION

The Clinch River Study i8 a multiagency
| effort to evaluate the physical, chemical, and
-blological effects caused by the disposal in
f :'3'_ the Clinch River of low-level radioactive
;% Wastes from the Oak Ridge National Labora=
grtory? at Oak Ridge, Tean, The study, begun
. .'i,‘v,in 1868, has the following objectives:

3 L

rentatives of the Oak Ridge National Labora-
tory (ORNL), the Tenneasee State Department
of Public Health (TDPH), the Tennessee State
Game and Fish Commigsion (TGFC), the
Tennessee Valley Authority (TVA), the U.S.
Atomic Energy Commission (AEC), the U.S,
(ieQlogical Survey (USGS), and the U.S. Fublic
Tealth Service (USPHS) (Morton, 1961). In-
vestigations are carried out by personnel of
the various agencies under the direction of
four subcommittees of the steering commit-
tee, namely: Aquatic Biology, Safety Evalua-
tion, Water Sampling and Analysis, and Bot-
tom Sediment Sampling and Anglysis,

The Clinch River heads in Virginia and
flows southwestward to join the Tennessee
River at Kingston, Tenn, (fig, 1), Aty its
mouth the drainage arca of the Clinch River
is 4,413 aquare miles, At the farthest down-

o nress . e -
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:-35,_5‘; L. To determine the fate of the radioactive stream gaging station, 39,0 miles upstream |
“ ,.“,':;‘mtteriala currently being discharged to the ﬁi?:ritfsn?:?‘z’ t:fi aaz:geffi::v °: the C.m:)h -
';;-(,:’ﬁ!'iver. > [ 'IC ] per second), 3
1 f"z/f{a ;“- Tadetermine and understand the mech- based on & 28-year period of measurement. _
‘bouianlems of dimpersion dionu s re- :
Il :.';.'fdeued to the rgrzr of ra clide During the first 3 years of the Clinch River i
| ?; " 3 To evaluate the direct and indirect ha- Seudy, Ifg;x;&sal?’aéma,) 8t mile 78.8 on the Clinch :’
= { rds of current River «8) was the only major cone “
" - 4 a £ .
:w"/.. . Plvap, mt disposal practices in the trol structure on the river, Releases irom
-~ § -'.\_-—
IR, . ; 1The abhrevistion "CRM? (Clinch Rivar Mile) followed by ¢
- & -Lv.::'cg‘“?n‘p:&d P'ol:,‘, Sﬁ""ﬁahg"ﬂ &bs‘;n?:ﬁ”'“l numbl: hurl:::.n ::cd in thlg u;oﬂ to desiguste dintamce upe
b Operarad b'y Unton é;’,.,,d c “, * he U. € Aebm,iy‘zn ot sream, in miles, {rom the mouth of the river, Thiy termuology
;‘ c°"\mlmon, ¢ o, for the L. 3 ¢ Enctgy ‘l(c‘(:l?;'mm with pricr ussge in the Clinch River Study (M «wton,
It 481y,
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2 CLINCH RIVER STUDY—RANIONUCLIES RIZLASED TO A SURTACE STREAM

Norris Reservoir are largely rmade on ihe
hasis of deiand for electric power, Ia May
1863 controi of flow hegan at Melton Hill Dam
which is at CRM 23.1 on the Clinch River,
2,3 miles upstream from the mouth of White
osk Creek, where radioactive waste from
ORNL enters the river, The Melton Hill sys-
tem is 1o be & “peaking” powerpiant, which 15
one that is operated mainly during periods of
peak demand for power and shut down at
other times,

Tne Clinch River below Whiteoak Creek is
alfected by backwater from Watts Bar Dam,
which is on the Tennessee River 37,8 miles
downstream from the mouth of the Clinch
River und a total of 58,6 miles downstreum
from the mouth of Whiteoak Creek, Before
construction of Melton Hill Dam, thermaliy
stratified flow occurred in the lower Clinch
River Irom spring to fall because th> cold
water released from Norris Reservoir Nowed
under the relatively still, warmed backwater
of Watts Bar Reservoir, The effect of the
operation cf Melton Hill Dam or temperature
conditions in the river js not yet known,

Since 1643, low=leve! radioactive wastes
derived from the Laboratory’'s Process Waste
Water Treatment Plant, solid-waste burial
grounds, liquid-waste seepage pits, and other
minor sources of radioactivity have entered
the Clinch River through Whiteouk Creek
(fig. 1). The radionuclides in the wastes are
largely {ission products——cesium-137, stron-
‘lun:~89 ard 90, ruthenium=103 and 104, and
nthers—but &lso include some aetivation
products, such as cobalt-80 and zinc-63,
Continous monitoring of radionuclide concen-
trations at the point of releasc to the river
ard downstream at CRM 4.5 has showrn that
concentrations are well within the limits rec-
ommended Ly the National Committee on Ra-
diation Protection,

Whiteoak Creek drains an area of 8 square
miles, waich includes the Laboratory area,
Itrs average discharge is sbout 10 efs, most
ol which is derived from surface runolf, A+
the present time, {ts waters are impounded
in Writeoak Lake by Whileoak Dam, wkich is
downstream. from all sources of radioactive
wastes and 0.6 mile upstream from the Clinch
River. The area covered by Whiteoalk Lake
al the present elevation of the Hates, 714 feot
&hove mean sea level, is 19,1 acres. Toe use
ol Whiteoai: Lake for impound:iment of radie-
Letive-wasie water wag desosibed in rs-e
dotall by Murtos (1961),

AQUATIC BIOLOGY AND SAFETY E\'ALUATIQ., Toln
The radionuclide content of piunt ang ey

mal life in the Clinch River hashecn 8tugyes

by the Teology Section, Health Physics Dis.. 5C

sion, ORNL, and the Radiological Healtp Re.
search Activities Group, Radislo;rica; Keay,.
Division, USPIIS. Al preliminary estimg,
of public consumption of fish, ingestign o -
water, and exposure due to use of tha ri\‘e:
for recreational purpvses indicated radatj,,
dosages that were below maximiumm permi.
sible levels, Calculation of estin.ated futug, .
dose rates is continuing. Results of the big. |
logical studies were reported by Mortgs
(1961, .1962a, 1562b, 1963),
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MAXIMUM CONCENTRATION OF RADIOACTIVITY
)
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HYDRAULIC STUDIES

(&4}

The capacity of the Clinch River to g,
perse radioactive materials has beern g;.
sessed through a series of hydraulic testy
Radioactive gold-188 was uscdas a tracer 1
the early tests, whereas rhodamine-B anj
pontacyl brilliant pink~B fluorescent dyss
have been used in more recen: tests, I
these tests, the langitudinal distunce down.
siream to the ¢cross section of compiete izt
eral diffusion, the variation of puak coneep. |
tration with distance, and the times of travel
havebeen determined, Times of waiertraye
observed in the tests compare closely with
times computed on thebasis of the continuily
equation, Nearly uniform lateral mixing ¢e-
curs within 4-6 miles downstream from th
mouth of Whiteoak Creek. Variation of cen |
contration with distance is showr in figure}
for two of the tracer tests.
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CORRECTED FOR DECAY {ppec/mi)

WATER SAHPLING AND aNALYSIS -

A network of seven water-sampling 8“':.;'3
ions onthe Clinch and Tennessee Rivers v S
established under the direction of the Sb" s
committee on Water Sampling an: Analysit s
Samples were collected reguiarly at the St 3¢
tions for materiai-balance stwdies of ¥ ¥ SR .
radionuclides rcleased to the rivar syttt . Station]
and for informaticn on the ssable-chemit® :i '

oy ) - ox 55 2% No,
composition of the river water, Stationlott ¥

i
tions are listed in table 1, Water samplt? o 1 in
were composited weekly onthe »asis of walef 5.5 2 ::’:
discharge and were analyzed for major 87 .37 5 .
mincr radioactive- and stable-chemical € 3% ‘4 'z':
stituents. Analyses of stablc-che=aicsl cor-: :'\ 5w
sliluents were made by personne) of ke T"f. ' g ‘
nessze Siream Pollution Cemre: Foard = ! ?

PY RS
Nashviile, Tern,, and radiochemicasi :15317"’;:_; “
by parsonnal of the Division ~f Viadiclof” 0w

RO00341 :
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WATLR SAMPLING AND ANALYSIS
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18 13
CLINCH RIVER MILE

l.—Vater-sampling stations, Clinch River Study
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{-' ":" Figure 2, —Reduction of maximum coscentration of gold-198 with isunce during two wacer studias In the Clinch River,
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4 CLINCI] RIVER STUDY. RADIONUCLIDES RELEASED TO A SURFACE STREAM

Health, USPLUS, at the Robert AL 'faft sanitary
Enginecering Center, Cincinnati, Ohio, The
major radionuclides in the Clinch River wa-
ter gre ruthenium-106, cesium-137, cobalt-60,
and strontium«90, Most of the cesium-137 is
associsted with guspended sedimert having a
diamerar greater than 0.7 micron, whereas

the other three radionuclides are associated -

with finer suspended sediment or are dis-
golved in the water.

The amount, orload, of a giver radicnuclide
which passes a sampling point during a short
period of time can be assumed to be cqual to
the product of the average radionuclide con-
centration at the sampling point during that
period of time and the flow of water that

statiori at the Oak Riage water-trgy.
plant at CRM 41.5 plus the loag ,Qie...:n.
through the Whiteoai: Craek sumpling ttaf:
at Whiteoak Dam should equal the loag
ing the sampling station st CRM 5,5“(“,
fig. 1). 8t
The resuits of mass-balance {loag) el -
lations (table 2; figs. 3, 4, 5, 6) indicat, ‘;..:
during the study period virtually ay the, »
thenium-106 in the Clinck River warey . -
transported downstream into the Tempe,.
River, A §mall part of the strontium.g; .
the river water was aoparently log is g
miles of downstream movement. The Ca{:::’
lated loads of cesium-137 and °°bait-§§

:
Sty

LN

. .
PP, 35 )

[N,

which show apparent gaing betwcen the pe.. Y
passes the point during the same period, If of release to the river and the downsry,. . !
there were no loss of the redionuclide from sampling station, cannot be considerey ,,'f "
the Clinch River water as it moved down- liable because most of the reported e i
stream, the load passing the *backyround® trations of the two nuclides in samples fp, :
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Figure 4, —Cumulative loed of cesium=137 in the Clnck River water for & 44-week period,

CRM 5.5 (32 of 44 determined cesium-137
concentrations and 26 of 44 determined
cobali-60 concentrations) were at or below
the lower limit of detectability for the analyt-
ical procedure used,* True gains may have
oncurred a= a result of local movement of
bottor: sediment or desorption reactions, but

»  this cannct be proved or disproved with the
“avaflable data,

Stable~chemical analyses of the Clinch
River water from the sampling station at the
Oak Ridge water-treatment plant show the
Water to have an average hardness (as cal-
¢lum carbonate) of 106 ppm (parts per mil-
lion), o dissolved-golids content of 125 ppr,

&nd 2 pY of 7.7, The Clinch River water may
hh——

la‘ Concentratiens of suthentume«108, ceslum-137, and eobaltegs:
WLIe samples ware determined by gamma-mectnum exalysls
Plogrramed through 4 diglea! cumputer, Suroutiw:n-90 concan

tiony . P "
Cﬂmln;‘u determindd by wet-chamical separation 2ad bety

. e g
o
CECNE R A T N R e

e e A | G AR ST, (VT AT ey YLy Ay A A S A Sy AR, 7/ Ty i N s Sedm il

be ¢lassed as moderately hard, On the basis
of its chemical composition, which dous not
vary greatly, it may be called a caleium bi-
carbonate type of water.

Table 2.——Cumulative radionuclide loads in the Clinch
River watcrg‘or the perind November 13, 1960, to
September 16, 1961

Al e 8 et A e RS M A ST Aa ems i f Ao B Nt Be§ VOB | ma LpverA s S

Cumujative load
{curies) Gain or
Radionuclide | /.,y 41.5 ( 182”“
plus White- [Mile 5.5!'°°°
oak Dam
Ruthenjum- 106 1680 | 1800 + 7
Cosjum-137 ... 19,9 24.3 +232
Cobalt«60.... 24.80 283 + 6
Strontium=-30 - 27.7\- 24.1 ! -13
R
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6 CLINCH RIVER STUDY—RADIONUCLIDES RILEASFD TO A SUNRFACE STRE~N : |
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Figwe 6, —Cumulstlve load of srentium-90 tn the Clinch River water for 4 44=wacek pertod,

BOTTOM-SEDIMENT SAMPLING AND ANALYS!S

Cross-section composite samples, obtained
from five cross sections in the Clinch River
downstream from Whiteoak Creck, have
shown the particle-size distribution in the
botton gediments to be 15-20 percent clay
K2 microns), S50-80 percent silt (2=82 mi-
crons), and 25-30 percent sand (62 microns)
{Morton, 1962b), The ¢lay-size fraction of the
sedimentis composed largely of vermiculite,
mica8 kaolinite, randomly interstratified

‘vermieulite-mica, and fine-grained quartz.

The sand and silt fractions of the sediment
tre composed almost entirely of quartz, An
8ppreciable content of calcium carbonete in
the gediment has been indicated by indirect
tvidence, but relative concentrations have

. DOt yet been determined,

The uptake, or sorption (McBain, 1850), of
Chemica] constituents trom liquid systems by
Datura] gediment -forming minerals hag becn

N
No distincrion 13 made hare between mica and illice,

investigated extensively during the past sev-
eral yearg, Sorption of radionuclides by
river sediments was studied by Carrittand
Goodgal (1853), Barker (1858), Jacobs and
Tamura (1960), and others. The importance
of radiocesium uptake by the clay minerals
hasbeen well established, and Tamuraand Ja-
cobg (1960) showed that the 2:1-1ayer ¢clay min-
eralshaving @ ¢ spacingof 10 A selectively
sorb cesium, Tamura (1883) further showed
that hydrous iron oxides and alumintm
oxides, whichare common minor constituents
in many sediments, selectively sorb stron-
tium. The well-known fact that certain radio-
nuclide-gorption reactions sare reversible
has been emphasized by Reynolds' (1963)
description of desorption reactions which
nceur when fresh-wuter sediments eater a
radically different chemical enviromnment,
gsuch as the ocean, Work on radionuzlidcup-
take by river sediments has been summa-
rized by Sayre and others (1863) and by
Kornegay and others (1963),

e w vt g . e e——z 3, RIITTSY




8 CLINCH RIVER S5TUDY-—=RADIONUCLIDES RELTASID TO A SURFACE STREAM
Toole 3.—Conceutrations of specific radionuclides n tise upper part of the Clinck River bottom sediments
ha e
' Radionuclide concentration (10-2 uc/kg)
Clinch River —
mile Authenium-108* | Cesium-137" | Cobalt-50* Strontium-90% |TREE3
)
AL D 1,08 €.22 0.788 0.088 099
5,8-ccanvn- e 1,81 10.6 . 1,42 1984 2.5
B.0ucocnan o 1,43 7,21 985 .158 .30
B.0cccnccnnnan 4,13 11.2 1,85 .189 4.88 -
8.0 ccccacacnn 3,34 8,85 1,08 171 4,42
10,0 ccccaccace 1.81 7.97 .752 .118 2,14
110, crecccccnn 4,50 18,7 : 1,89 .423 7.03
12,0 cocccacaan 2,81 L8 1,24 212 5.4¢
13,0 cccaccanna 3.12 i7.6 1.84 .252 1.86
14,0 ccccccnace 1,33 1.6 1.18 L1084 2,80
14.6ncccancnces 4.41 18.1 1.85 347 5,61
15,3 cecnmaan-ae 2.16 8.77 977 149 3.0
16,0 cecemccncan .815 3,54 .347 L0117 1,50
16,9 cccacaccnn 5.99 13.2 1.22 ., 140 5,85
18l ccncrcacnan 2.12 16.1 1,28 .230 3,50
18,8ccccananae- 2,19 7.12 028 .108 2.8 °
20.8.cccccnnnn=" 8,80 106 8.32 1.68 20,4
21,6 nccacnenn=-= 2.54 7.03 5353 144 3,07
22.5cccecane-=q 1.36 2.48 .334 ,009 1,40

lGamma-spectrometer analysis,
2Chemically eparated before counting,
8rrivalent rare eartha plus yttrium-80.

Surveys of radioactivity in the Clineh River
bottorn: sediments have been conducted annu-
ally since 1851 by the Applied Health Physics
Section of the Heslth Physics Division, ORNL,
and have indicated that a part of the radionu-
clides released tothe river has been retained
in the bottom sediments (Garner and Koehtit-
zky, 1958; Cottrell, 1858), Samples collecied
by the Applied Health Physics Section and the
USPHS and a bottom-sediment-coring pro-
gram conducted in 1860 by personnel of the
Radioactive Waste Disposal Research Section
of the Heslth Physics Division, ORNL (table
3), have provided a measure of the conten: of
cesium-137, ruthenium-108, cerium-144, zinc-
65, cobalt-80, zirconium-niobium-85, stron-
tium-00, and the trivalent rare earths in the
upper part of the sediments (Morton, 1862b).

Although material balances computed from
analyses of water semples indicate that the
mmess of radionuclides in bottorn sediments
represents only & small pert of the total
mass released to the river, physical anc
chemical processes {n1the river have coneen

e e g, O o & L

trated the radionuclides in the bottom sedi- |

ments enough to make them easily measure
able, In areas of the river where continuout
scdimentation has taken place, the sedimenis
provide a record of net radionuclide remova

from river water as it passed downstream |
throughout the period of release from thef

Laboratory.

In the summer of 1962 a comprehensivt} .
gampling of the Clinch River bottom sed" ¥
ments through the entire thickness of tht}:
radioactive zone was conducted by personn b

obtained through the use of the Swedish

Sampler (Pickering, 1965), @ device whi
tages undisturbed sedimest ccres -V
inches in dicmeter. The sampler utilizes®
piston and thin steel strips (foils) to decrest
ccmpaction due to friction between the s8™
ple tube and the sediment while the core ¥
Licing taken and to prevent loss of core vihile
the core tube is being reised to the surfsch
More than 150 cores were obtained 2t
cross seciions on the Ciinch River &
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SPECIAL CHEMICAL AND
PHYSICAL SEPARATIONS.

Figure 7. mAcalysis of hottome=sadiment cores,

4 croas gections on two tributary gtreams,
Core recovery was excellent at most gites,
The longest core obtained was 14 feet long.

-« Plans for processing the cores are indi-

cated disgrammaticslly in figure 7. It is

dionueiides in the Ciinch River bottom sadi-
inenty, .
% The distrihution of the major radionu-
tlides in the sedirsents,
mia. The distribution of the various size,
Neralogical, and organi¢ fractions of the
82diments,

4. The relationshipa between the distribu-

- Hon of the mejor radionuclides and the com-

Positian of the sediments,

rnsl. The chemica) form of each of the major
dionuelides in the sed:ments,

Determination of the total load of radiony-
clides in the Clinch River bottom sediments,
when compared with total relesases to the ri-
ver f{rom Whiteoak Creek since 1943 (14,000
curies), will permit a quantitative estimate
of the effectiveness of the sediments in
removing radionuclides from the river water
It will also provide a check on material-
balance calculations based on analyses of
water samples. The other determinations
ligted in figure 7 are directed primarily to-
ward an understanding of the mechanisms by
which the radionuclides were incorporatedin
the sediments. Sorption, particle sediments-
tion, and chemical Precipitation were prob-
ably the principal mechanisms involved.

Thelower limit of the radicactive zone and
the vertical distribution of gross gamwma
radicactivity in the cores collected tn 1982
havebeendetermined by scanning each intact
core with a device known as a core scanner
(%iz. 8). The core gcanner consisgsy 07 a 3x 3-
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‘ ’
| ;
3 x 3-n. Nol CRYSTAL . CORE :
AND €N OREIN

PHOTOMULTIPLIER TUSE 5 PLASTIC Tug;
&4=iniwad }
smaunns—{\., % !
3 v, & . - 3
MULTICHANNEL S I L, f
ANALYZER SCALER A el i ;
AND PUNCH AND PRINTED i @( 2% 7 .
TAPE READOUT 7aPE READOUT | | | 1N % _
)

STEPFING INTERVAL
CINTROL

Figurs R, ~Cere soanner.

ineh sodium iodide scintillation crystal ard
matched phototube enclosed in a 4-inch-thicx
cylindrizal lead shield. A collimating opening
2% 2x 2inches, leads from the core “well" to
the scintillation crystal. A calibrated hoi-i
automatically movei the core vertically past
the collimator in 2-inch ircrements, Th~
photctube output can be routed either through
a scaler for determination of gross garwma
radicactivity or to a multichannel analyzcr
for determination of the concentration of
individual gamma-emitting radionuclides ia
each increment,

Resulis of gross gamma scanning of cores
from CRM 7.5 are shown in figure 9, In the
croxs section note the distribution of tha
radioactive sediments and the recurring
pattern of gross gamma activity with depth in
several of the cores, The results of visu:!l
logging and the determinaiion of the vertical
distribution of individual radionuclides in
selected cores are hoped to provide inforn:a-
tion which can be used to correlate gpecific
sediment horizons in some of the cores with
specific past events in waste disposal oper .-
tione at the Laboratory., The existerce I
othes “dateable” physieal or chemizal pro; -
erties of the sediments wiil also bee invest -
gated,

STATUS OF THE CLINCH RIVER STUDY

Since thg Clinch River Study wa-« iratiw =
in 1983, considerahlc progress 'as b
made teward meeting the objeei:ve. listed -
the ntrodustion of this paper. Jateri: -
balance studias have shown thal waust of . .e

i
\STEPPING PULLEY

_ clay-mineral particles, Because this pastiv £
ular sorption reaction is not readily reveri 3.8
ible under fresh-water conditons, the IS

MECHANISM

2x2x 2.
COLLIMATOR

rediosctivity discharged to the Clinch Rive
is transported downstrcam in the Clinch and
Tennessee Rivers in the water phase, Very
low radionuclide concentrations in the lower
Tennessec Hiver make detection farther |
downstrearn impractical.~ A small percezt.
age of the radioactivity has been ineorpor. |,
ated in bottom scdiments of tiwwe two rivers,
A part of the radicactivity in both the water
and bottorn sediments is ausociated wit
orgunic matter,

T " ——— e @ 0

Time-of-travel and dispersion studieshavt
outlined some of the hydrologic characte:
istics of the Clinch River which affect tht ¥
concentration of radioactive wasie passiify
downstream points, A few additional testt
after power releases begin at Melton Al

-y

Dam will satisfactorily complete this pha%t ">

of the study, .,

2.
Laboratorvand field studies have indicat¥d 3

that cesium-137 is introduced to the riv¥f{ 7

—
=
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—

DEPTH (1)

and transported largely as a sorbed jon @ Fe

poration of cesium ir river-bottom sedim”“

tion processcs. Results of desorption
change capacity, and other tests being F¥ ¥
formed on Clinch River bc-:..o:n-sgdimeg

samples will provide further informatlc®’
thie chemical {orm of the other radio;wc“:‘.; :
inthe seciments ond onthe ov. rallusefuld =

-

is probably contralled largely by sedimes™ 3’
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